Introduction
Assessment of vaccine safety post-licensure requires welldesigned epidemiological studies, which can be challenging for many countries due to scarcity of available data. Therefore, spontaneous reporting systems are more commonly used for postmarketing safety monitoring [1] . Traditionally, vaccines have been manufactured and introduced in the United States (US) and Europe before introduction in other countries, hence US and European vaccine safety monitoring capacity has served the global need to evaluate the safety of new vaccines [1] . However, vaccines are now being manufactured and introduced in several countries outside the US and Europe [2] , requiring the development of vaccine safety monitoring systems globally to assure the safety of the world's vaccine supply and maintain trust in immunization programs. International vaccine safety collaborations can help build vaccine safety monitoring infrastructure and capacity and provide a means to assess rare adverse events following immunization (AEFI) in countries that now have limited capacity [3] .
To demonstrate that international collaboration is feasible for vaccine safety studies to investigate rare, serious and clinically complex AEFI, a group of vaccine safety researchers conducted a proof of concept collaborative vaccine safety study using a standard protocol [4] [5] [6] . A steering group 2 from the World Health Organization (WHO), United States Food and Drug Administration (FDA) and Centers for Disease Control and Prevention (CDC), European CDC, Erasmus Medical Center, Cincinnati Children's Hospital, and the Brighton Collaboration [7] , provided standardized methods and definitions for a study that included investigators from Australia, Canada, China, Denmark, Finland, France, Israel, Mexico, The Netherlands, Norway, Singapore, Spain, Sweden, the United Kingdom, and the United States.
The global spread of the 2009 novel pandemic influenza A (H1N1) virus [8] led to the accelerated production of monovalent 2009 Influenza A (H1N1) vaccines (pH1N1) by manufacturers in the Americas, Europe, and Asia [9] . Rapid and extensive vaccine administration was implemented worldwide. This pandemic provided the opportunity to evaluate the risk of Guillain-Barré syndrome (GBS), an acute polyradiculoneuropathy, following receipt of these vaccines using a common protocol among high and middle-income countries and to assess the feasibility of this collaborative effort [10] . Several factors contributed to choosing this vaccine and this adverse event (GBS) to test the new consortium: First, GBS has been an influenza vaccine safety concern since 1976, when an elevated risk of GBS was identified following the "swine-flu" influenza vaccine [11] ; second, case definitions and classifications for GBS are available, providing a tool for standardized assessment across sites [12] ; third, since almost all GBS cases are hospitalized, unbiased case ascertainment could be achieved using hospital databases; and finally, since GBS is rare, assessment of risk would benefit from the increased sample size and statistical power that could result from an international collaboration.
The primary objective of this project was to demonstrate the feasibility and utility of global collaboration in the assessment of vaccine safety, including countries both with and without an established infrastructure for vaccine safety active surveillance. A second objective, included a priori, was to assess the relative risk of GBS following pH1N1 vaccination.
Methods
We chose the self-controlled case series (SCCS) design [13] to estimate the relative incidence (RI) of GBS in the 42 days following vaccination with pH1N1 vaccine. We chose this case-only analytic approach because it can be implemented in populations with varying levels of infrastructure for conducting epidemiologic studies; specifically, it does not require the availability of accurate population denominators which are difficult to obtain in many countries [9, 10] . The case series approach includes only individuals who experienced the event of interest (GBS) in the analysis. Each individual's person-time during follow-up is divided into predefined vaccine exposed and non-exposed periods. Each GBS case then falls into a risk or non-risk window and contributes exposed and nonexposed time. Unvaccinated GBS cases contribute to the estimation of other time-varying covariates such as seasonality. Data are analyzed by conditional Poisson regression. The SCCS design requires that cases be ascertained completely and in an unbiased manner and that the probability of exposure is not affected by occurrence of the event of interest. Apart from its intrinsic resource efficiency, this design also controls for measured or unmeasured within-person non-time dependent confounding characteristics, including demographics and chronic co-morbid conditions, genetic susceptibility, and others [10] . 
Study population
As shown in Table 1 , 15 countries with available data and willingness to participate contributed data for this study: cases that met inclusion criteria for this study from Australia, Canada, China, Israel, Mexico, Singapore, Spain, and the United States and from the European Vaccine Adverse Event Surveillance and Communication (VAESCO) consortium [14] (http://vaesco.net) (Denmark, Finland, France, The Netherlands, Norway, Sweden, and the United Kingdom) were included. Australian data were provided by hospitals in the state of Victoria (including Melbourne), Sydney, Perth, and Adelaide. Canadian data were provided from the entire province of Quebec; Chinese cases were contributed by sentinel hospitals in Hong Kong and Shanghai. Israeli data were provided by Maccabi, a national health maintenance organization (HMO) and Mexican data were contributed from Mexico City and surrounding rural areas. Singapore data were provided from one rural and one central hospital. Spanish data were provided by hospitals in Almeria, Barcelona, and Valencia. US data were contributed from the Department of Defense (DoD), the Department Veterans Affairs (VA), the Vaccine Safety Datalink (combined hospitalization and vaccination data from a collaboration of 8 health care organizations), Medicare, and the Post-Licensure Rapid Immunization Safety Monitoring (PRISM) Program [15, 16] .
Case ascertainment and classification
The specific method of case ascertainment varied from country to country with some countries identifying potential cases through administrative databases whereas other countries reviewed hospital discharge logs manually (Table 2) . Databases from all US sites other than the DoD contained only vaccinated cases and were limited to post-vaccination follow up time. Each site independently defined an observation period, ranging from 4 to 18 months, during which cases were obtained. The number of medical records requested and reviewed was not reported by the participating sites. Countries that did not identify and classify cases using a procedure compatible with the common protocol were excluded from this study (Table 1) . For countries in which cases were ascertained through active surveillance, only those cases with verified hospital admission were included.
Diagnostic codes for GBS (ICD-9 code of 357.0, ICD-10 code of G61.0, or Read codes F370*) were used to identify potential cases for review. Cases identified exclusively through specialty network reporting or through other passive reporting method were excluded. The specific method of case ascertainment used and number of cases identified are shown in Table 2 . All cases were classified locally according to Brighton Collaboration criteria [12] (Table 3 ). All cases meeting Brighton level 1, 2, 3 were considered confirmed and included in the primary analysis. A secondary analysis also included Brighton categories 4 and 4A. Category 4A was specifically defined for this international study and included cases diagnosed by a neurologist but for whom the medical chart did not provide sufficient information for the study reviewers to classify the case according to Brighton Collaboration criteria (Table 3) . Table 3 Brighton collaboration case definition for Guillain-Barré Syndrome [12] . Information available is insufficient for levels 1-3, but no other diagnosis is apparent or warranted.
4A
Diagnosis was made by a neurologist, insufficient diagnostic data available in the medical chart (adopted specifically for this study)
a Levels 1-3 only used in the primary analysis, levels 1-4A used in sensitivity analyses.
Vaccination status
Vaccination status was obtained through automated immunization registries or databases when available or through a review of the patient's vaccination record where it was not. In some cases, receipt of vaccine was obtained through self-report and subsequently verified in the vaccination record. The method used for each participating site is shown in Table 2 . All subjects had presence or absence of pH1N1 vaccine recorded with the date of exposure. Patients for whom no record of seasonal influenza vaccination were available were considered unexposed to the seasonal vaccine Table 4 .
Covariates
Presence or absence of risk factors for GBS, including preceding gastrointestinal infections and respiratory infections, were collected for the 30 days prior to diagnosis through chart review or recall by the subject when chart review was not possible. While a standard abstraction form was not used, a standard case report form was used to record all data used in analysis. Since presence or absence of the potential infective episodes in the 30 days preceding GBS rather than exact dates of the episodes was collected, these infections could not be controlled for in the analysis but could be studied as potential effect modifiers. To control for circulation of the pandemic influenza virus we used seasonality as a proxy. This was accomplished by defining the peak of influenza season for each site as the period during which >15% of all surveillance influenza laboratory tests were positive, and estimating the relative incidence of GBS in this peak season. This produced time periods for each site defined either as "high influenza circulation" or "low influenza circulation". Although the seasonality of GBS is not strictly related to influenza infection, influenza surveillance data provided an efficient means by which to uniformly define seasonal periods across continents and hemispheres. This formulation allowed for a peak influenza season specific to each site while also allowing for a common estimate of the effect of seasonality across sites. Data to determine these periods of influenza circulation were obtained from publicly available governmental influenza surveillance, where available. For some sites, it was necessary to obtain these data from influenza surveillance conducted at the site.
Data collection and sharing
All data, with the exception of data from the VAESCO consortium, were uploaded to a secure WHO workspace where it was checked for quality and completeness by study group statisticians; VAESCO data were maintained by the VAESCO data management center at Erasmus Medical Center. All data was de-identified prior to submission. Institutional Review Board approval was obtained for those sites at which the study was not considered exempt. Inclusion and exclusion criteria as well as protocol and statistical analysis considerations were discussed on bi-weekly telephone conferences with all sites beginning in January, 2010.
Analysis and statistical methods
Data were analyzed using the SCCS method to investigate whether pH1N1 vaccination was associated with an increased risk of GBS during the pre-specified high-risk time window of days 1-42 post vaccination. This period of increased risk was chosen because of evidence from previous published studies [11] . We conducted two co-primary analyses: an analysis pooling all individuals across sites and an analysis using a meta-analytic approach in which estimates of rate ratios from each database were weighted based upon within and between-study errors and subsequently merged. While the pooled analysis provides more power, the meta-analytic approach is more conservative in its estimation as it weighs results from sites with less variability more heavily, thus providing greater assurance that outlying observations or sites with highly variable data will not bias the overall RI estimate. All analyses using the standard SCCS approach excluded the two weeks preceding vaccination from the background period to account for a possible healthy vaccinee effect [17] , and controlled for seasonality as defined by periods of circulating influenza.
Only cases meeting Brighton Collaboration criteria level 1-3 [12] from databases which included pre and post-vaccination time were included in the primary analysis, which also included a timevarying covariate to assess the effect of seasonality. The date of diagnosis or hospitalization was used as the index date for GBS.
The standard SCCS method is only valid if the occurrence of an event (GBS in this case) does not alter the probability of subsequent exposure. This assumption may be violated since knowledge on the part of practitioners and patients regarding the a priori association between GBS and swine flu vaccine [11] may influence vaccination practices, and patients may forego or delay vaccination after GBS diagnosis [18] . For this reason, we also evaluated GBS risk using modifications of the standard SCCS approach to analyze data in which the event-dependent exposures assumption may have been violated. The first of these is the vaccinees-only approach, in which only vaccinated subjects are included and the observation window begins at the date of vaccination. The removal of non-vaccinated cases reduces power to estimate the effect of time-varying covariates such as seasonality [19] . The second modification is the pseudo-likelihood approach, a novel method which considers all cases (vaccinated or not) included in the analysis [20] . In this extension to the standard SCCS, we estimated risk under a counterfactual in which every vaccine exposure is treated as the last possible exposure for that subject. The inclusion of all cases during the entire observation period retains optimal power for the estimation of time-varying covariates [20] . The pseudo-likelihood approach was used to estimate the effect of pH1N1 vaccine with adjustment for seasonality. The vaccinated-cases only and pseudolikelihood approaches are equivalent when only one exposure is considered and no time-dependent covariates are included in the analysis. Because there was less than 20% difference between the pH1N1 vaccine-associated relative incidence estimates from the standard and pseudo-likelihood approaches (the difference decided a priori as evidence of bias from contraindication), all subsequent analyses were conducted using the standard approach.
A series of sensitivity analyses were conducted. To assess the effect of seasonal influenza vaccination, the exposure dates were included when known and subjects with missing data were assumed to be non-recipients of seasonal vaccine. We also assessed the risk window in more detail using days 1-7, 8-21, and 22-42 and estimated risks for each different window simultaneously within the same model. Subsequently, cases meeting Brighton criteria through level 4 and 4A were included and an analysis using the date of onset rather than the date of diagnosis was conducted. An analysis limited to Brighton criteria levels 1 and 2 was also conducted. To understand possible effect modifiers and confounders, analyses stratified by sex, age category (<5, 5-9, 10-18, 19-49, 50-64, and 65+ years), history of GBS, and presence of recent infections were also performed. To capitalize on the diversity of vaccine types and manufacturers in the data set, we also stratified by adjuvanted and non-adjuvanted vaccines.
In the meta-analytic approach, we adjusted for seasonality using month-long periods rather than seasonal peaks since, as data were not being pooled across databases, a common measure of seasonality was not necessary. Estimates of the exposure to pH1N1 vaccine in each database, considering only first dose as exposure of interest, were subsequently combined using a meta-analytic approach with a random effects model in which the estimate from each site is weighted by the inverse of its variance plus the variance of estimates between databases [21] . All analyses were conducted using SAS 9.2 (SAS Institute, Cary NC).
Results

Pooled data analysis
In the primary analysis of pooled data limited to Brighton Collaboration criteria levels 1-3 (Table 5) , we found a RI of 2.86 (95% CI 1.88-4.34). In country-specific analyses for the meta-analytic approach, analysis of the data contributed by the Mexico City database was found to have a very high RI of 39.19 (3.74, 410.41). When we excluded Mexican cases from the primary analysis, the estimate of the RI for the primary analysis decreased to 2.42 (1.58, 3.72) ( Table 5 ). Based upon these results, cases from Mexico were excluded from all analyses along with cases from those databases with potential ascertainment bias, resulting in 10 countries contributing cases to the analysis data set ( Table 1) .
The vaccinated cases only approach produced an estimated RI of 2.37 (1.47, 3.85). The pseudo-likelihood approach produced a similar point estimate of 2.23 (1.42, 3.52) ( Table 5) .
In sensitivity analyses, inclusion of cases through Brighton criteria levels 4 and 4A increased the RI estimate from the (2.18, 8.50 ) in those 65 and older. These confidence intervals overlap, suggesting a trend rather than a statistically significant difference in relative incidence by age. In standard SCCS analysis stratified by sex, the estimated RI was slightly higher in males, 2.75 (1.65, 4.57) than in females, 2.34 (1.09, 5.04) although the difference was not statistically significant (p = 0.73).
The estimate of adjuvanted vaccines, performed using the vaccinated cases only approach, yielded a RI estimate of 1.88 (1.03, 3.41) while the non-adjuvanted estimate was higher at 2.97 (1.13, 7.84). This difference was not statistically significant (p = 0.43).
Because data on cases exposed to vaccines containing the MF-59 adjuvant were limited to one database, we were unable to reliably compare the RI associated with each of the two adjuvants.
Meta-analytic approach
Results from the meta-analytic approach were similar to those from the pooled analysis but the magnitude of the estimates was decreased ( Table 6 ). The standard SCCS approach produced an estimate of 2.09 (1.28, 3.42) while the vaccinated cases only approach produced an estimate of 2.33 (1.5, 3.62). Analysis of adjuvanted and non-adjuvanted vaccines using the meta-analytic approach yielded RI estimates of 1.65 (0.86, 3.19) and 3.10 (1.70, 5.65), respectively. This difference between adjuvanted and non-adjuvanted exposures was not statistically significant (p = 0.16).
Discussion
We have shown that international collaboration to evaluate serious rare outcomes using a common protocol is feasible and offers some advantages compared to single country or site analyses. Because GBS following vaccination is very rare with reported rates between 0.04 and 0.17 cases per 100,000 vaccinations [22] , this combined analysis included a much larger number of cases than any published single country analysis and allowed inclusion of data from sites that did not have enough cases for a site-specific analysis. This provided both increased power to evaluate the outcome but also sufficient power to conduct sub-analyses by vaccine type. Secondly, the availability of data from several countries allowed us to identify a site (Mexico), which had a RI of GBS following pH1N1 vaccine much higher than that at any other site; had the analysis been conducted only in Mexico, conclusions regarding the risk of GBS following vaccination could have been inappropriately generalized to other populations.
We have found an increased risk of GBS following receipt of pH1N1 influenza vaccine. This risk is consistent with the level of risk reported by others. Estimates from single-country studies ranged from 1.05 to 4.70, the majority of which reported statistically significant increased risk [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Estimates were lower in studies of adjuvanted vaccines (1.05-3.04) [25, 31] than in non-adjuvanted vaccines (1.57-4.70) [26] [27] [28] [29] [30] 32] .
Because we knew a priori that both adjuvanted and nonadjuvanted vaccines would be used within our study population, Table 6 Relative incidence of GBS following pH1N1 vaccination in results from twenty databases in ten countries, pooled using a meta-analytic approach. we included a comparative analysis in our analysis plan. In all our primary and sensitivity analyses, the risk of GBS following administration of non-adjuvanted vaccines was significantly elevated. The increased risk found for adjuvanted vaccines was not as consistent.
It was significantly elevated in our pooled analyses but became nonsignificant in the meta-analysis. Moreover, the point estimates of the risk for adjuvanted vaccines were consistently lower than those for non-adjuvanted vaccines in all our analyses. This preliminary finding is reassuring, given general concerns regarding the use of adjuvanted vaccines for influenza, and the fact that these vaccines use less influenza antigen per dose, a useful advantage for pandemic situations during which the amount of available antigen for vaccine production may initially be limited. We hypothesize that one possible explanation for the apparent (non-significant) risk difference between adjuvanted and non-adjuvanted vaccines is the higher amount of influenza antigen in non-adjuvanted vaccines, although other factors could have contributed. Another possible explanation is increased protection from influenza in those who have received adjuvanted vaccines [33] and a subsequent reduction in GBS due to influenza infection, which may have confounded our results. The trend described was seen for both MF-59 and AS03 adjuvanted vaccine. However, only one country in the study (The Netherlands) used MF-59 adjuvanted vaccine, so our ability to compare adjuvants was limited. While we believe our results to be reassuring, they are by no means definitive. Although the difference between the RI estimates for adjuvanted and non-adjuvanted vaccines are not different in our pooled analysis (p = 0.43) or in our meta-analysis (p = 0.16), the finding warrants further investigation. Results obtained through the primary analysis (the standard self-controlled case series), the pseudo-likelihood approach, and vaccinated-cases only up to Brighton level 3 were very similar, indicating there was likely little bias introduced if a history of GBS impacted vaccination practices during the 2009-2010 season. Exclusion of Brighton level 3 cases produced very little change in the RI estimate, suggesting lack of a diagnostic bias in the absence of electrophysiological or cerebrospinal fluid data. Inclusion of cases meeting Brighton Criteria levels 4 and 4A increased the relative incidence estimate. Given that in these cases the diagnosis could not be reliably verified, it is unclear if this increase reflects a more complete capture of true GBS cases or the inclusion of non-true cases occurring near the date of vaccination because of diagnosis bias. Future studies in which the time and resources for centralized adjudication are available may be able to answer this question.
Inclusion of the reported date of seasonal influenza vaccination led to little change in the estimate. This could be attributed to minimal risk associated with seasonal influenza vaccine [34] , or to under-reporting or confusion regarding whether seasonal or pandemic vaccine that was received leading to misclassification bias. In the analysis of multiple risk periods following vaccination, the increased incidence in the pre-specified high risk period including days 8-21 supports the 1976 finding of highest risk in weeks 2-3 following vaccination [11] . It has been hypothesized that the risk peaks during this interval because this is when the humoral immune response to the vaccine is highest [35] . Previous findings of increased risk in males as well as increasing risk with increasing age were also supported in our analyses [36] . The background incidence of GBS has also been shown to be about 40% higher in males than in females and to increase with increasing age [37] .
It is interesting to note that the exclusion of those subjects who experienced influenza-like illness or gastrointestinal illness resulted in small, non-significant increases in vaccinationassociated relative incidence, with p values vs. primary analysis RI = 0.59 and 0.70, respectively. While these non-significant findings appear to be inconsistent with those published by the VAESCO consortium [14] and other studies [27] , it is important to note that the SCCS is a methodology based upon an underlying timeline. As we did not have data on dates of influenza-like illness or gastrointestinal illness and could not include these as time-varying covariates, exclusion of those with an infection in the 30 days before diagnosis likely excluded infection-induced cases which should have occurred at similar rates within and outside of the vaccineassociated risk window. This exclusion would therefore serve to increase the estimated relative incidence associated with pH1N1 vaccine exposure.
An additional finding in our study is the increased GBS risk following pH1N1 vaccination with the increased age of vaccine recipients. This may be the result of a lower immune response in older individuals [38] with consequent increased susceptibility to H1N1 infection and subsequent infection-induced GBS in this age group. It may also be related to higher pre-vaccination antibody titers in those previously exposed to H1N1-like viruses [39] potentially leading to greater immune response following vaccination. This possible age effect requires further investigation.
As we have indicated, database-specific analysis of the data contributed by Mexico City produced a very high RI associated with pH1N1 exposure. We hypothesize that this could be due to a longer period of H1N1 circulation in Mexico prior to vaccine introduction with a high likelihood of vaccinated individuals having already been exposed to the H1N1 wild type virus [40, 41] which may have induced a greater immune response upon receipt of pH1N1 vaccine due to already elevated antibody titers. Additionally, cases of confirmed H1N1 infection in Mexico tended to have more severe clinical presentation and to result in death more frequently as compared to other countries, perhaps indicating greater virulence of the virus in the early stages of the pandemic [40] . However, control for seasonality in the Mexican database did not reduce the pH1N1 vaccine associated RI estimate. Further studies to elucidate the reason for this much higher risk level in Mexico are warranted.
The meta-analytic approach for pooling of database-specific relative incidences weights those databases with a large degree of variation less heavily than those with less variation. Therefore, databases with only one or two exposed cases and consequently with large standard errors, have much less weight in the combined estimate of 2.09 (1.28, 3.42 ). While this estimate is attenuated through the weights applied in the meta-analysis, the relative incidence of GBS in the 42 days following vaccination remains significantly elevated with a confidence interval very similar to that of the pooled estimate of 2.42 (1.58, 3.72). Interestingly, results from stratification of adjuvanted and non-adjuvanted vaccines in the meta-analytic analyses produced a non-significant relative incidence for adjuvanted vaccines and an increased relative incidence for non-adjuvanted vaccines. This can be interpreted as evidence that the trend of increased risk in non-adjuvanted vaccines as opposed to adjuvanted vaccines is not being driven by a set of influential databases.
In this proof of concept, we have learned that international collaborative database studies to evaluate vaccine safety are feasible, even across continents. However, the requirement that participating sites have access to databases from which cases could be ascertained in an unbiased manner limited participation to high and middle income sites with existing infrastructure to conduct active surveillance. However, new vaccines are now being introduced either exclusively in the developing world or concurrently with their release in developed countries. In addition, some newer vaccines, such as the malaria vaccine currently in phase three trials in Africa [42] , will mainly target the developing world. These changes indicate the need for improved vaccine safety assessment in low and middle income countries to ensure the safety of new vaccines.
Developing capacity outside of developed countries to evaluate vaccine safety signals that arise out of passive surveillance systems or from other sources is necessary both to assure the safety of the world's vaccine supply and also to prevent vaccine safety scares from undermining successful programs. The only low to middle income country (LMIC) remaining in the final analysis was China, evidencing a need to increase infrastructure in LMIC for ascertainment of vaccination status and adjudication of adverse events following vaccination. In addition, evaluation of very rare event can be facilitated by the increased statistical power that could be achieved through international collaboration.
Although the protocol was common among sites, the degree to which sites were able to review charts and ascertain important covariates such as infections varied from site to site. Future collaborative studies would benefit from centralized case adjudication, improved data quality control and closer supervision of data abstraction and case ascertainment.
This study had several limitations. While the results of the analyses stratified by presence or absence of an adjuvant are intriguing, the use of adjuvanted or non-adjuvanted vaccines was generally homogeneous within each country. Because of this homogeneity, it was not possible to estimate the difference between adjuvanted and non-adjuvanted vaccine associated relative incidence within the same population and it was not possible to separate the effect of the vaccine formulation from the unknown effect of the country and its associated characteristics. Also, the observed association may have been modified by infections, some of which are known to increase the risk of GBS. While we attempted to control for concomitant infections such as influenza like illness and gastrointestinal illness, it was not possible within the limitation of the current study to include these infections as time varying covariates, which would be the ideal approach in the self-controlled case series methodology. Controlling for such time varying covariates may have attenuated the observed associations, as shown in previous studies [43] [44] [45] . Additionally, the use of reported seasonal peaks of circulating influenza was a means of estimating seasonal effects across sites but may not have been as accurate as the standard approach of estimating fixed-length periods when analyzing data from one geographic location. Given budget and data-sharing constraints, case verification was performed by each site and quality control was performed on site; a pooled review by a single expert group was not conducted. In spite of the use of common criteria provided by the Brighton Collaboration, the adjudication process may have varied from site to site.
Conclusion
We have demonstrated that multinational studies are feasible and can provide a useful platform to evaluate future vaccine safety concerns especially for rare, serious events. We look forward to the development of a sustainable global infrastructure in both developed and developing countries to meet global needs. The finding of much higher risk in Mexico and our ability to contrast this risk with that found in other countries using data submitted under a common protocol is a strength of this multinational study and supports the need for international collaboration in vaccine safety monitoring.
The significance and consistency of our findings support a conclusion of an association between 2009 (H1N1) vaccination and GBS. Nonetheless, given the rarity of the event the relative incidence found suggests that the vaccine would be responsible for very few excess GBS cases. Although we are not able to estimate attributable risk using the SCCS methodology, we know from other studies that the background risk of GBS is approximately 0.9 [46] cases per one million individuals and that the relative risk associated with the 1976-77 swine influenza vaccination campaign was 7.60 [11] . A relative incidence of 2-3 following vaccination would mean approximately 1-2 excess cases per one million vaccinees. Due to this minimal increase in incidence, our findings do not provide evidence in contradiction of international recommendations for the continued use of influenza vaccines.
This large collaborative multinational study has made possible the generation of a number of new hypotheses related to possible differences in risk of vaccine-associated GBS by age and by the use of adjuvants, which will require further investigation.
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